treatmnent, there is little information concerning its effect on the circulation. The only measurements available concerning the hemodynamic effects of diuresis were made on patients suffering from severe cardiac decompensationl-and have been carried out in the supine position with the patient at rest. Because the effects of oral diuretic therapy on patients with only mild to moderate degrees of cardiac decompensation have not been defined, the hemodynamic response to modest diuresis was investigated in a group of such EFFECTS OF DIURESIS AT REST AND EXERCISE Abbreviations: BSA = body surface area in M2; weight, wet and dry = body weight before and after diuresis; AF -atrial fibrillation; NSR = normal sinus rhythm; MS = mitral stenosis; MI = mitral regurgitation; AI = aortic regurgitation; TI = tricuspid regurgitation; CM = cardiomyopathy; AS = aortic stenosis.
patients with primary myocardial and rheumatic valvular disease at rest, and during mild and intense treadmill exercise.
Methods
Six men and nine women, aged 32 to 58 years, were studied. Fourteen had edema secondary to rheumatic valvular disease; one had primary myocardial disease. All were ambulatory and in functional classes II and III (New York Heart Association). The patients are described further in table 1 .
In nine patients the first hemodynamic study was performed prior to diuresis, several days after admission to the hospital (wet weight). zation studies ranged from 4 to 20 days and averaged 11 days. The difference in body weight at the time of the two studies ranged from 0.7 to 5.4 and averaged 3.4 kg. The effects of diuresis on hemodynamic findings in the supine position at rest were studied in 12 patients. In six of these patients and in three additional patients, the hemodynamic response to upright exercise was also evaluated. Pulmonary arterial and right heart pressures were measured through a Cournand catheter, and brachial arterial pressure through an indwelling needle or a short flexible Teflon The protocol for the studies carried out in the upright position was as follows: While the patient was at rest in the sitting position, intravascular pressures and V02 were measured and arterial and mixed venous blood withdrawn for determination of cardiac output. The patient then walked on a motor-driven treadmill at a moderate level of exertion for 5 min. Exercise was then made more intense by increasing the speed or the grade of the treadmill, or both, to a level which had been determined in previous trials to produce exhaustion in 5i2 to 6 min.
Pressure measurements were repeated during the fourth minute of each level of exercise, and cardiac output was determined during the fifth minute. In some patients only a single level of exercise, which was a maximal effort, was possible. In each subject the second study employed the same conditions of exercise as the first.
At a separate session during which no intravascular instrumentation was employed, maximal exercise endurance was measured before and after diuresis with a standard treadmill stress test. Treadmill speed was maintained at 2.2 mph, while the grade was increased every 2.5 min to a maximum of 20%. The patient continued walking until stopped by dyspnea or fatigue; the time at which he indicated he could no longer continue was recorded and the duration of exercise is referred to as "maximal exercise endurance." The same conditions for assessing maximal exercise endurance were used before and after diuresis. Results 41 .0 g-m (P < 0.01). V02 averaged 250 ml/min before and 225 ml/min after diuresis (P < 0.005). Heart rate was not significantly changed, and TPR increased from an average of 1,625 to 2,269 dynes-sec cm-5 (P < 0.005). Arterial hemoglobin concentration increased significantly after diuresis from an average of 11.6 to 13.5 g/100 ml ( In five of the six patients for whom it was determined, maximal exercise endurance was substantially greater after diuresis (fig. 4) standard endurance test also improved with diuresis as manifest by their ability to achieve higher levels of treadmill exercise during the hemodynamic study. All eight patients also felt stronger subjectively, and had less orthopnea and exertional dyspnea. The ninth subject, T. W., who had moderately severe mitral regurgitation, was atypical in that his exercise tolerance was considerably lower after diuresis than before. After the first study on him, which was carried out after diuresis, diuretic therapy was discontinued, and unlimited salt intake was permitted. Following a weight gain of 3.3 kg his maximal exercise test showed marked improvement. Diuretics and salt restriction were reinstituted. Deterioration in endurance followed diuresis, and the endurance times for this third study were similar to those obtained during the first study ( fig. 5C ). Serum electrolytes remained normal throughout these studies.
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Discussion
Although John C. Warren stated over 150 years ago that "blood-letting affords more speedy and compleat relief (from the symptoms of heart failure) than any other remedy,"7 little was known regarding the mechanisms responsible for this clinical improvement until the 1940's when cardiac catheterization began to be used commonly in the evaluation of patients with heart disease. At that time and in subsequent years it was demonstrated that interventions which decreased filling pressure in patients with severe cardiac decompensation led to a reduction in resting pulmonary arterial pressures,1-3, [8] [9] [10] and in many but not all patients, resting cardiac output increased.1-3 8, 9 These findings suggested that the hearts of such patients may have been functioning on the descending limb of the Starling curve."l From these results it might be anticipated that the increased exercise tolerance produced by diuretic therapy might be related, at least in part, to an increase in the cardiac output. However, in this investigation the patients studied at rest in the supine and sitting positions responded to a reduction in filling pressure produced by a relatively modest diuresis by a decrease rather than increase in cardiac output. In addition, the cardiac output during exercise was also lower in every patient following diuresis. It would thus seem that in patients with mild to moderate cardiac decompensation, as in normal subjects,9 10, 1214 the heart functions in the ascending limb of the Starling curve both at supine and sitting rest and during mild and intense exercise. The measurements in this study, however, were made over the relatively short interval of several weeks. It is conceivable that the impressive decrease in filling pressures and in right and left ventricular stroke work may, over a longer period of time, have a beneficial effect on the contractile state of the heart and result in a significant improvement in the cardiac output response to exercise.
Although it seems reasonable to attribute the decrease in cardiac output following diuresis to reductions in cardiac filling pressures, other causes must be considered. The observation that V02 was unchanged after diuresis at comparable levels of mild and intense exercise demonstrates that the decrease in output cannot be attributed to a decrease in metabolic demands. It might also be argued that since hemoconcentration occurs as a result of diuresis ( June 1968 increase in arterial 02-carrying capacity was not primarily responsible for the decreased output.
An interesting finding in this investigation was that exercise capacity improves strikingly after diuresis despite a decrease in the cardiac output in response to exercise. The explanation of this paradox probably lies in the fact that the fall in cardiac output is associated with a lower pulmonary arterial, and presumably lower pulmonary venous pressure. It is this decrease in an excessively high pulmonary venous pressure present during exercise that is probably the critical factor responsible for the symptomatic improvement, overriding the deleterious effects of a reduced cardiac output.
However, that this is not always the case, and that a decrease in the capacity to perform exercise can occur after diuresis, is illustrated by the findings in one patient who was studied. This patient (T. W.) was referred with a diagnosis of mitral regurgitation for consideration for mitral valve replacement. His exercise tolerance was severely restricted despite salt restriction and diuretic treatment, and hemodynamic studies during treadmill exercise revealed a severely depressed cardiac output response ( fig. 5A) by the finding that pulmonary vascular pressures increase mark-edly following small increments in body weight produced by fluid accumulation, a condition that may exist outside the hospital and which would thus be responsible for many of the patient's symptoms.
